Oxidative stress is generated in several peripheral nerve injury models. In response to oxidative stress, the transcription factor Nrf2 is activated to induce expression of antioxidant responsive element (ARE) genes. The role of Nrf2 in peripheral nerve injury has not been studied to date. In this study, we used a sciatic nerve crush model to examine how deletion of Nrf2 affects peripheral nerve degeneration and regeneration. Our study demonstrated that functional recovery in the Nrf2 −/− mice were impaired compared to the wild type mice after sciatic nerve crush. Larger myelin debris were present in the distal nerve stump of the Nrf2 −/− mice than in the wild type mice. The presence of larger myelin debris in the Nrf2 −/− mice coincides with less macrophages accumulation in the distal nerve stump. Less accumulation of macrophages may have contributed to slower clearance of myelin and thus resulted in the presence of larger myelin debris. Meanwhile, axonal regeneration is comparatively lower in the Nrf2 −/− mice than in the wild type mice. Even after 3 months post the injury, more thinly myelinated axon fibers were present in the Nrf2 −/− mice than in the wild type mice. Taken collectively, these data support the concept of therapeutic intervention with Nrf2 activators following nerve injury.
Introduction
Lesion to the peripheral nerve elicits a cascade of events, including degeneration of the distal axon stump, loss of synaptic terminals, activation of Schwann cells and infiltration of macrophages (Chen et al., 2007; Coleman, 2005; Coleman and Freeman, 2010; Dubovy, 2011; Hoke, 2006) . Several reports suggested that generation of oxidative stress is involved after peripheral nerve injury. For example, crush or chronic constriction injury to the sciatic nerve increases lipid peroxidation in the sciatic nerve (Naik et al., 2006; Senoglu et al., 2009) . Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are produced in muscle after sciatic nerve transection or chronic constriction injury (Abruzzo et al., 2010; Bhattacharya et al., 2009; Tan et al., 2009) . Sciatic nerve transection in rats led to an increase in ROS and RNS levels in the spinal cord (Guedes et al., 2008; Guedes et al., 2009 ). Generation of mitochondrial ROS is also observed in the dorsal horn neurons and microglia after L5 spinal nerve transection (Kim et al., 2010; Park et al., 2006) .
In response to oxidative stress, mammalian cells activate expression of phase-II detoxification and antioxidant enzymes to combat toxic damage. Transcriptional activation of these antioxidant responsive element (ARE) genes generally replies on the transcription factor nuclear factor erythoid-2-related factor 2 (Nrf2) (Johnson et al., 2008; Vargas and Johnson, 2009 ). Nrf2 belongs to the Cap'n'Collar (CNC) family of basic-leucine-zipper (b-Zip) transcription factors and heterodimerizes with other b-Zip family proteins, such as small Maf proteins, for regulation of ARE gene expression (Jaiswal, 2004; Nguyen et al., 2003) . In unstressed conditions, Nrf2 is retained in the cytoplasm by its inhibitor kelch-like ECH-associated protein 1 (Keap1) (Kensler et al., 2007; Motohashi and Yamamoto, 2004; Nguyen et al., 2009) . Oxidative/ electrophilic stress releases Nrf2 from Keap1, enables its nuclear translocation, and thereby induces the transcriptional activation of protective genes such as NAD(P)H:quinone oxidoreductase-1 (NQO1), hemeoxygenase 1 (HO1), glutamate-cysteine ligase catalytic (GCLC) and glutamate-cysteine ligase modifier (GCLM) (Johnson et al., 2008; Lee et al., 2005) .
Despite the fact that oxidative stress is generated in several peripheral nerve injury models, little has been explored regarding the role of Nrf2 in this process. It is not clear whether the Nrf2-ARE pathway would exert a beneficial or deleterious effect on recovery after peripheral nerve injury. Therefore, we sought to determine how deletion of Nrf2 expression would impact regeneration after peripheral Neurobiology of Disease 54 (2013) 329-338 
